The effect of unemployment on mortality is the object of a lively literature. However, this literature is characterized by sharply conflicting results. We revisit this issue and suggest that the relationship might be non-linear. We use regional (NUTS 2) data from 23 European countries to estimate a multivariate regression of mortality. The estimating equation allows for a quadratic relationship between unemployment and mortality. We control for various other determinants of mortality at regional and national level and we include region-specific and time-specific fixed effects. The model is also extended to account for the dynamic adjustment of mortality and possible lagged effects of unemployment. We find that the relationship between mortality and unemployment is U shaped. In the benchmark regression, when the unemployment rate is low, at 3%, an increase by one percentage point decreases average mortality by 0.7%. As unemployment increases, the effect decays: when the unemployment rate is 8% (sample average) a further increase by one percentage point decreases average mortality by 0.4%. The effect changes sign, turning from negative to positive, when unemployment is around 17%. When the unemployment rate is 25%, a further increase by one percentage point raises average mortality by 0.4%. Results hold for different causes of death and across different specifications of the estimating equation. We argue that the non-linearity arises because the level of unemployment affects the psychological and behavioural response of individuals to worsening economic conditions.
Introduction
What is the effect of unemployment on mortality? The interest in this question is twofold. At a more general level, exploring the linkages between economic activity and health is central to the analysis of human well-being and development. More specifically, the ongoing financial and economic turmoil requires policymakers to have a comprehensive understanding of the broad non-monetary consequences of raising unemployment rates. This is particularly true for several European countries, where the crisis has been more severe and the implementation of austerity programmes has strongly limited the ability of governments to spend on social welfare and to support the unemployed. It is therefore unsurprising to find a large and lively literature on this topic. The fundamental problem, however, is that the existing voluminous body of research seems to be unable to provide a consensual answer to the question. As discussed further below, some papers report that higher unemployment reduces mortality, others find the exact opposite, and a few more studies conclude that the relationship is not statistically significant.
A possible way to make sense of conflicting findings is to attribute them to differences in the methodologies used. Some evidence, in fact, does point out that empirical results are quite sensitive to changes in model specification and method of estimation (Neumayer, 2004, Tapia Granados and . This explanation, however, cannot be fully satisfactory since it implies that the answer to the question of how unemployment affects mortality is necessarily ambiguous. Our paper takes a different route: our hypothesis is that differences in reported findings are indicative of a possible non-linearity in the effect of unemployment. More precisely, we posit that the relationship between unemployment and mortality is U-shaped. This implies that the effect of an increase in unemployment can be positive, negative, or insignificant depending on the level of unemployment itself. This non-linearity would occur because of the way in which the level of unemployment affects individuals' perception of the possible duration of unemployment spells and therefore of the risk associated with being (or becoming) unemployed. Our hypothesis turns out to be supported by consistent and robust econometric results.
To illustrate our thinking in more detail, it is convenient to start from the two opposing views that have emerged in the literature on the health implications of unemployment. One view is that in time of economic hardship and rising unemployment, individuals tend to be more stressed, depressed, and likely to undertake unhealthy behaviours (e.g. heavy drinking, smoking, and poor diets). Furthermore, tighter household budget constraints might imply cuts in health related expenditures such as preventive screening or routine medical check-ups. The quality of the public health system and its coverage might also decline because of the adverse effect that economic downturns have on the spending capacity of the government. The consequence is then a positive association between unemployment and mortality, especially for causes of deaths with high stress-related attributable fraction like cardiovascular diseases, mental and behavioural disorders, suicide, and other illnesses related to alcohol and tobacco consumption. The evidence in support of this view is voluminous (Backhans and Hemmingsson, 2011 , Lundin, Falkstedt, Lundberg and Hemmingsson 2014 , Garcy, and Vagero, 2012 , Browning and Heinesen, 2012 , Montgomery, Udumyan, Magnuson, Osika, Sundin, and Blane 2013 , Davalos, Fang and French, 2012 , Deb, Gallo, Ayyagari, Fletcher and Sindelar, 2011 , Strully, 2009 ). The counter view emphasizes how individual's health can deteriorate in time of economic expansion because of job-related stress (and associated risk of cardiovascular diseases and unhealthy behaviours), fatigue and physical exertion of employment, and accidents due to increased traffic. Moreover the increase in the opportunity cost of leisure reduces the time available for health preserving activities such as sport and general exercise. Since economic expansions are typically characterized by declining unemployment, the prediction in this case is that lower unemployment is associated with higher mortality or, equivalently, that the relationship between unemployment and mortality is negative. Starting with the seminal work of Ruhm (2000) this prediction has also received some considerable empirical support (Tapia Granados, 2005 , Rhum, 2005 , Neumayer, 2004 . Somewhere in between these two views lies a group of papers that substantially find no evidence of a robust and systematic effect of unemployment on mortality (Gerdtham and Johannesson, 2005 , Svensson, 2007 , 2010 , Stuckler, Basu, Suhrcke, Coutts and McKee, 2009 .
For a given level of per-capita income and government expenditure on health and social welfare, the fundamental difference between the two views rests with individuals' psychological and behavioural response to economic downturns and worsening labour market conditions. If this response is "negative", meaning that individuals suffer from increased stress and develop unhealthy behaviours, then the mortality risk increases and the aggregate relationship between unemployment and mortality rate is upward sloping. Conversely, if the response is "positive", meaning that individuals benefit from reduced job-related stress and fatigue and use the extra leisure time to undertake health-producing activities, then unemployment reduces mortality risks and the aggregate relationship between unemployment and mortality rate is downward sloping. Both responses can co-exist in the same sample and the observed sign of the empirical relationship depends on which of the two responses dominates. Our hypothesis is that the negative response is likely to dominate at higher levels of unemployment, while the positive response dominates at lower levels of unemployment. This is because in a situation of high unemployment, slimmer chances to find a new job and a longer expected duration of the unemployment spell make it more difficult for individuals to cope with the unemployment status (if already unemployed) or with the risk of becoming unemployed (if currently employed). The implication is higher levels of anxiety and stress among both the employed and the unemployed. There is indeed some evidence that the duration of unemployment rather than the job loss itself is an important health risk factor (Classen and Dunn, 2012) . On the other hand, when unemployment is low, re-employment prospects are less negative and the expected duration of unemployment is shorter. These circumstances alleviate the strain of being or becoming unemployed and hence encourage individuals to invest time in healthier activities. If our hypothesis is correct, then at aggregate level we should observe a U shaped relationship: when the initial level of unemployment is low, then an increase in unemployment will reduce mortality; but when the level of unemployment is sufficiently high, then a further increase in unemployment will increase mortality. To the best of our knowledge, no previous paper has considered this potential nonlinearity in estimating the relationship between unemployment and mortality at macro level.
Method

2.1.Data collection
In our analysis we use a panel of annual observations for 265 territorial units within 23 European countries over the period [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] . Data are sourced from Eurostat, which defines territorial units as "basic regions for the application of regional policies". We focus on European countries because in Europe more than elsewhere the economic crisis of these last few years has resulted in a sharp increase in unemployment rates. At the same time, excessive debt in many countries has led to the implementation of fiscal austerity programmes that have resulted in significant public budget cuts, thus triggering a sharp change in social welfare models. In this context, the question of how unemployment relates to mortality appears to be particularly important. The use of regional data serves three purposes. First, with regional data, we can exploit the significant variation in unemployment distribution within countries to increase the precision of our estimates. Second, given the low degree of labour mobility in Europe compared to the US, local labour market conditions are likely to be a relevant determinant of individual's health status. Third, by setting the unit of observation at the regional level, we obtain a much larger number of observations, and hence degrees of freedom, to be used for estimation. We use standard definitions for both the dependent variables and the regressors. Mortality is expressed in number of deaths per 100,000 population and separately computed for twelve causes of death. The unemployment rate is defined as the number of unemployed persons in percentage of the labour force .
2.2.Statistical model Our empirical model is written as:
, where i denotes a generic region, t is a generic year, y is mortality, x is the unemployment rate, z j is a generic control variable, n is the total number of control variables in the model, is a time fixed effect, is a region-specific fixed effect, is a purely stochastic disturbance, and , , , … are all coefficients to be estimated. The key difference with respect to the equation estimated in previous studies is the inclusion of the square term on unemployment, . This term accounts for the non-linearity discussed in the previous section: according to our hypothesis, should be negative and should be positive. The time and regions-specific fixed effects capture unobserved heterogeneity over time and across regions, respectively. In addition, we control for education level, per-capita GDP, population age and density, and health expenditure. All of these controls are observed at regional level, with the exception of health expenditure, which is observed at national level.
The empirical model is estimated by panel Least Squares (LS) with fixed effects. However, two potential difficulties must be considered. First, observations are likely to be correlated across regions within the same country. This violates the requirement that the observations be independent and might result in biased standard errors. To correct for this problem, we cluster errors by country and compute robust standard errors that allow for intra-country correlation of observations. Second, the empirical model is essentially static, in the sense that it does not account for the dynamic adjustment of mortality over time. In order to integrate adjustment dynamics, the model should be extended to include the lagged dependent variable on the right hand side. This however complicates estimation because the lagged dependent variable is necessarily endogenous and hence the standard panel LS estimator is biased. Our approach is to use the panel LS estimates of the static model as a benchmark and then check the robustness of results by estimating the dynamic model with a difference-GMM estimator to address the endogeneity problem (Arellano and Bond, 1991) . This involves taking first differences of the equation with lagged mortality (so to remove the region-specific fixed effect) and then using lagged values of the variables in levels as instruments for the first differences. The difference-GMM procedure therefore automatically generates instruments from lagged values. The problem is that the relatively long dimension of our panel will result in a very large number of instruments being generated. By being numerous, instruments can overfit instrumented variables and this biases coefficient estimates towards those from panel LS estimates. To address this further problem, we limit the number of periods used to create instruments to three and we collapse instruments by combining them through addition into smaller sets (Roodman, 2009 ).
Results
Baseline results are reported in Table 1 . The dependent variable in all regressions is mortality due to all causes of death. For each explanatory variable in the model, the table reports its estimated coefficient and the robust standard error of the estimate (in brackets). In what follows we focus our comments on the relationships between unemployment and mortality. A discussion of the evidence on the effect of the control variables is provided in the on-line Appendix.
The first two columns of Table 1 reproduce a linear specification of the type commonly estimated in the previous literature. The effect of unemployment on mortality appears to be negative, but the estimated coefficient fails to pass a zero restriction test at usual confidence levels. In fact, this finding is consistent with our hypothesis: if the true relationship between unemployment and mortality is U shaped, then the best fit that a linear specification can provide is likely to be a flat line; that is a line with a non-significant slope coefficient. The non-linear (quadratic) specification is presented in columns III and IV. The estimated coefficient of the linear term is still negative, but now highly significant in statistical terms. The coefficient of the squared term is positive, and again significant. This is exactly the pattern that we would expect if our hypothesis were correct: at low levels of unemployment, the relationship between unemployment and mortality slopes downward; but at higher level of unemployment, the relationship becomes upward sloping. The point estimates of the two coefficients imply that when unemployment is low, say 3%, an increase in the unemployment rate by one percentage point decreases average mortality by 0.7%. As unemployment increases, the effect decays: when the unemployment rate is 8% a further increase by one percentage point decreases average mortality by 0.4%. Eventually, the effect turns from negative to positive when unemployment reaches 17%. When unemployment is 25%, a further increase by one percentage point raises average mortality by 0.4%.
The specification with lagged mortality is reported in column V of Table 1 . Estimates are qualitatively similar to those shown in the previous two columns and confirm the existence of a non-linearity in the relationship with a somewhat lower turning point at 13%. The diagnostics shown at the bottom of the table indicate that from a purely statistical point of view, the dynamic model estimated by difference-GMM is robust. First of all, the tests of autocorrelation (AR(1) and AR(2)) show that there is no second order autocorrelation in the first difference of the error term. Second, the Hansen test statistic is never significant at usual confidence levels, meaning that the overidentifying restrictions implied by the use of lagged values as instruments cannot be rejected. Taken together, these two tests support the identification procedure underlying the difference-GMM estimator. As an alternative to the difference-GMM estimator, we could have used a system-GMM estimator. The system-GMM estimator combines the equations in level and the first differences into a system to generate more efficient coefficient estimates. However, this greater efficiency is achieved only to the extent that lagged first differences are valid instruments for the level equation. To check whether this is indeed the case, we performed a difference-in-Hansen test, but we were not able to reject the null hypothesis at usual confidence levels. Therefore, we opted for the difference-GMM estimator.
The last two columns of Table 1 report estimates of the dynamic model with a one-year lagged effect of unemployment. More specifically, in column VI, the contemporaneous values of unemployment and unemployed squared are replaced by their one-period lagged values. Estimated coefficients increase, but the implied turning point of the U shaped relationship remains close to 17%. The main concern in this case is that the exclusion of the contemporaneous values of unemployment amounts to the omission of significant variables. As well known, omitted variables can bias coefficient estimates. A more suitable approach is therefore to include both contemporaneous and lagged values and hence estimate a parsimonious distributed lag model. This is done in column VII. The U-shaped relationship is still evident, even though the coefficients of the lagged variables are not precisely estimated. This lack of precision might be partly due to the high persistency of unemployment which introduces a collinearity between contemporaneous and lagged values.
INSERT TABLES 1 AND 2 ABOUT HERE Table 2 disaggregates the results distinguishing among different causes of death. In column I, mortality includes deaths due circulatory, mental, and nervous diseases. These are the causes of death with the highest stress-related attributable fraction that the literature documents having the strongest relation with economic conditions. The U shaped relationship is clearly identified. Results do not qualitatively change when we add deaths due to self-harm and accidents (columns II and III). When instead we consider other causes of death (columns IV-VI), we find that the non-linear relationship is not statistically significant. This is not a surprise since causes of death such as neoplasm are not documented to have any relation with the economic cycle. In the last two columns, we report estimates generated from different assumptions on the structure of the error term. In particular, in column VII, errors are not clustered by country while in column VIII the region-specific fixed effect is replaced by a country-specific fixed effect. The evidence in support of a non-linear effect of unemployment on mortality is unchanged. It is worth stressing that the regression in column VIII accounts for time-invariant differences across countries, which might include differences in welfare systems of the type modelled by Gerdtham and Ruhm (2006) .
We performed a number of robustness checks on our estimates. First, we replaced the time dummy variables with a linear time trend. Second, we added a time-variant measure of welfare systems to the set of regressor. Third, we split the population variable to separate female and male. Fourth, we re-estimated the baseline model dropping all the controls, the fixed effects, and the time effects to make sure that the non-linearity is not an econometric artefact. We also re-estimated the model for 31 different specifications of the set of controls. Fifth, we estimated the model on various sub-samples: (i) excluding very large and very small regions, (ii) excluding the four large EU countries (Germany, France, Italy, and the Uk), (iii) excluding the years associated with the Global Financial Crisis, and (iv) dropping each country and each year at the time to ensure that results are not driven by a specific subset of observations. All these checks validate the evidence from Table 1 on the existence of a non-linear U shaped effect of unemployment on mortality. Further details and the full set of robustness checks are provided in the on-line Appendix. Two further points concerning the interpretation of our results are worth a mention. The baseline model in columns I to IV of Table 1 includes fixed effects by regions, meaning that we are capturing a non-linearity within-region. However, in columns V to VII the model is estimated after re-moving the regional fixed effect through first-differencing. Moreover, in column VIII of Table 2 the model includes country fixed-effect instead of fixed effects by regions. Finally, as just noted, we have also estimated the model without any fixed effect. In all these cases, we still find the effect of unemployment to be non-linear, suggesting that the non-linearity is not just withinregion, but also across regions within-country, and across countries.
The second point relates to the duration of unemployment, which we regard as a crucial factor in determining individual's response to economic hardship. Ideally, we would like to test for the relationship between unemployment level and unemployment duration at regional level. Unfortunately, information on the duration of unemployment at regional level is scarce. However, information is available on long-term unemployment; that is, the number of individuals that have been unemployed for more than 12 months. We can therefore calculate the share of long term unemployment in total unemployment and add it to the set of regressors in the baseline model. We find that our results are, once again, unchanged. We also find that when we replace the standard rate of unemployment with the rate of long-term unemployment, the effect on mortality continues to be U-shaped. In this case, however, the turning point of the relationship shifts to the left, implying that when unemployment duration is longer, the mortality-increasing effect of unemployment kicks-in at lower rates. This would be consistent with our theoretical interpretation of the non-linear effect. We report the full set of results using the long-term unemployment variables in the on-line Appendix.
Discussion and conclusion
We argue that the effect of unemployment on mortality is likely to be non-linear. Using regional data for a sample of European countries, we show that at initially lower levels of unemployment, an increase in unemployment reduces mortality. However, when unemployment is sufficiently high, a further increase in unemployment increases mortality. The intuition underlying this result is that the level of unemployment influences the psychological and behavioural response of individuals to worsening economic conditions. A high unemployment rate means that finding a new job will be difficult and hence that unemployment will last longer. Under those circumstances, individuals (both employed and unemployed) tend to be more stressed and to develop unhealthy behaviours, like drinking and smoking. Conversely, when unemployment is low, individuals worry less about the job market implications of the economic slowdown and might actually benefit from reduced jobrelated stress and increased leisure time to invest in health-producing activities.
Our paper significantly contributes to both academic research and policymaking practice. In previous research, the relationship between unemployment and mortality was assumed to be linear. However, a linear model can capture only one side of a U-shaped relationship and this could explain why some papers report a positive effect of mortality on unemployment, some report a negative effect, and some report no effect at all. In other words, we suggest that the conflicting findings reported in the literature are in fact part of the same bigger picture. The problem is that by fitting linear models, previous papers might have failed to fully capture this bigger picture. The non-linearity emerges also thanks to our data-set which allows us to exploit within country heterogeneity of local labour market conditions that are inevitably hidden by national aggregate data.
In terms of policy practice, the turning point in the unemployment-mortality relationship occurs at an unemployment rate of 17%. While average unemployment in our sample is significantly lower (8.5%), about ¼ of the observations lie to the right of this turning point. For example, at the height of the European crisis in 2012 all Spanish and Greek regions had an unemployment rate higher than 17%. This means that a relatively large part of European population is potentially exposed to the mortality-increasing effect of unemployment. Hence, the challenge for policymakers is real. We flag two policy options. One is to identify areas at risk; that is, regions that are likely to be located on the upward-sloping part of the U-shaped curve, and direct there resources to sponsor active labour market policies that alleviate the strain of unemployment. The other is to make a more effective use of macroeconomic policy to stabilize the business cycle and thus prevent unemployment from rising too sharply in time of economic crisis.
To conclude, we acknowledge some possible limitations of our work. Regional data allow us to exploit within country heterogeneity, but their time-series dimension is relatively short. We are therefore unable to undertake a longer-term analysis that looks at changes in mortality trends over few decades (Rhum 2013, Teking, McClellan and Minyard, 2013) . Our analysis of age classes is admittedly crude and can be improved with the availability of more comprehensive data. Our parametric approach to modelling the non-linearity via a quadratic function might be too restrictive and hence future work might need to consider semiparametric or non-parametric approaches. Finally, future work using micro-level data is certainly desirable.. Notes: Columns I to VI show estimated coefficients from panel fixed effects regression with year dummies; robust standard errors adjusted for clusters by country are reported in brackets. Column VII shows estimated coefficients from panel fixed effects regression with year dummies; non cluster-adjusted standard errors are reported in brackets. Column VIII shows estimated coefficients from panel fixed effects regression with year and country dummies; non cluster-adjusted standard errors are reported in brackets. Estimates of the constant term and time dummies are not reported, but they are available from the authors upon request. *, **, *** denote statistical significant of the estimated coefficient at 10%, 5%, and 1% confidence level respectively. List of countries included in the analysis (number of regions in brackets): Belgium (11), Bulgaria (6), Czech Republic (8), Germany (38), Estonia (1), Ireland (2), Greece (13), Spain (16), France (22), Italy (21), Hungary (7), Netherlands (12), Austria (9), Poland (16), Portugal (5), Romania (8), Slovenia (2), Slovakia (4), Finland (5), Sweden (8), UK (37), Norway (7), Switzerland (7).
Commentary on the effect of the control variables
In the benchmark model of column IV (Table 1) , a larger share of younger population, a higher density of population, and greater health expenditure all significantly contribute to reducing mortality. While the effect of population age and health expenditure is clearly unsurprising, the one of population density might require some further consideration. On the one hand, an increase in population density might be indicative of congestion in the use of public health services and infrastructure, which in turn should increase the risk of mortality.
On the other hand, higher density could be associated with easier (e.g. less costly) access to health care facilities. Our estimates show that this second effect prevails, at least in our sample of European regions. The other two controls (share of population with higher education and per-capita GDP) are not significant. This finding might be surprising, particularly for per-capita GDP. We suspect that to some extent the inclusion of several income-related factors on the right hand side (e.g. education, health expenditure, per-capita GDP, and unemployment itself) might be generating some collinearity. This could also explain why the coefficient of income is positive (at least in some regressions). Interestingly, when we remove the region-specific effect and/or use non-robust standard errors, the statistical significance of most estimated coefficients increases. We interpret this finding as evidence that a significant proportion of the variation in unemployment across regions is due to unobservable heterogeneity. We do note, however, that our interest is in the assessment of the effect of unemployment on mortality and not in providing a full explanation of all the determinants of mortality. Hence, we have to make sure that the model does not omit relevant variables and accounts for the likely dependence of observations within the same country. This means that including fixed effects and/or correcting standard errors for clustering is the best statistical approach given the nature of our panel.
Accounting for differences in welfare systems
Differences in welfare systems may have an impact on the relationship between economic conditions and mortality. The key issue in accounting for this relationship is to obtain a good empirical measure of the welfare system. Gerdtham and Ruhm (2006) use the average level of public social expenditure as a percentage of GFP and treat it like a country fixed effect. Econometrically, this is equivalent to estimating a regression with country dummies, which is exactly what we do in column VIII of Table 2 . In order to shed additional light on the issue raised by the referee, we add to our regression a measure of the width and depth of employment protection (EP) sourced from the OECD. This index, which is computed on a yearly basis since the beginning of the '90s, captures cross-country differences in welfare systems with specific emphasis on the labour market, periods of strictness of regulation on dismissals, and the use of temporary contracts. The index combines two subcomponents, one referred to regular contracts (EP_REG) and the other to temporary contracts (EP_TEMP). Table A1 summarizes the results. First we add the measure of employment protection to our baseline equation. The first three columns show that results are unchanged when controlling for either the overall index or its individual subcomponents. Next we split the sample in two groups (high and low employment protection) by the modal value of the average index. In both cases the U shaped relationship is preserved, albeit the coefficient of the squared term is less precisely estimated in the high employment protection subsample. Note that in countries with lower employment protection the turning point is lower. This is consistent with our theoretical hypothesis. In time of economic downturn, lower employment protection (meaning reduced job security) increases individual's stress levels at any rate of unemployment. This in turn alters the relative strength of the positive and negative response to unemployment, lowering the threshold at which the latter dominates. Notes: Panel fixed effects regressions with year dummies and robust standard errors in brackets. The dependent variable is the number of deaths due to all causes per 100,000 population. Employment protection is measured by the EP index of OECD in Column I and by the sub-components EP_TEMP and EP_REG in columns II and III respectively. The regression in Column IV is estimated on a subsample of countries with low EP and the regression in Column V is estimated on a subsample of countries with high EP
Adding a linear time trend
In all our regressions, we take the effect of time into account by including a full set of time dummies. This approach does not restrict the time effect to be linear because the year dummies absorb all time-specific variation (linear or non-linear). However, to confirm that results are unaffected by the inclusion of a linear time trend, we have re-estimated our baseline models (i.e. the model estimated in columns I-IV of Table 1 of the paper), replacing the year dummies with a linear time trend. Results are effectively unchanged. Table A2 reports coefficient estimates for the panel LS model. Notes: Panel fixed effects regressions and robust standard errors in brackets. The dependent variable is the number of deaths due to all causes per 100,000 population.
Accounting for gender differences
To account for gender differences in mortality rates, we re-estimated our model splitting between male and female population. Results concerning the effect of unemployment are, again, unchanged. Results are reproduced for the baseline model with the full set of regressors in Table A3 below. Notes: Panel fixed effects regressions with year dummies and robust standard errors in brackets. The dependent variable is the number of deaths due to all causes per 100,000 population.
The role of unemployment duration
In our interpretation of the relationship between unemployment and mortality, unemployment duration plays an important role as it determines individual's response to economic hardship. In order to test for the role of duration as a transmission mechanism, we would need to estimate the relationship between the level and the duration of unemployment. Unfortunately measures of the duration of unemployment at regional level for European countries are not available. However Eurostat publishes figures of long term unemployment, which can be considered a rough proxy for employment duration. With these data we can account for the role of long term unemployment in two ways.
First we have inserted the share of long term unemployment over total unemployment in the baseline equation. Columns I and II of table A4 show that our core results on the nonlinear effect of unemployment still holds. Second we have estimated our baseline equation with a measure of long term unemployment rate instead of the standard unemployment rate (and its squared term) among the regressors. Columns III and IV show the findings. There is still evidence of a U shaped pattern, albeit the quadratic term is significant in the dynamic model only. Note that the turning point for long term unemployment is considerably lower (approx. 9-10%) than what measured with standard unemployment. This is consistent with the theoretical priors which suggest that when the duration of unemployment is higher the positive relation with mortality starts at lower rates. Roodman (2009) . *, **, *** denote statistical significant of the estimated coefficient at 10%, 5%, and 1% confidence level respectively.
Model specification
In principle the specification of the set of controls should be based on a fully-fledged theory of the determinants of mortality. However, developing such a theory is beyond the scope of our paper. Our pragmatic approach is to replicate the specification of existing papers that (like ours) study the effect of mortality on unemployment in panel data where the unit of observation is a state or a country (rather than an individual). These papers (see, inter alia, Gerdtham and Ruhm 2006 , Neumayer, 2004 , Rhum, 2000 , Classen and Dunn, 2012 control for: (i) country or state specific effects and time/year effects, (ii) per-capita income, (iii) age structure, (iv) education status, and (v) lagged mortality (in dynamic settings). We do capture all of these factors in our specification, which in fact most closely resembles [4] . We provide some evidence of the robustness of our results to changes in the selection of controls in Table  1 of the paper (column III and column IV). In addition, in Table A5 , we have re-estimated the baseline regression without controls. The results concerning the non-linear relationship (columns II, IV, VI, and VIII) appear to be robust. When instead the relationship is modelled as linear (columns I, III, V, and VII), the significance and size of the coefficient tends to change considerably depending on whether or not fixed effects and/or time dummies are included. Table A3 also provides evidence of robustness with respect to splitting population to separate male and female. Notes: The dependent variable is the number of deaths due to all causes per 100,000 population. Estimation is by panel least squares in all columns, robust standard errors are reported in brackets. Fixed effect refer to the inclusion/exclusion of fixed effects by region. Country effect refers to inclusion/exclusion of fixed effects by country. Year dummies refer to the inclusion of a full set of dummy variables by year. *, **, and *** denote statistical significant of the estimated coefficient at 10%, 5%, and 1% confidence level respectively.
To make sure that the findings concerning the non-linear relationship are not sensitive to the specific combination of regressors, we run a quasi-lower bound test. This involves estimating the model for all possible combinations of up to 5 controls (per-capita income, education status, population age, population density, and health expenditure) and deriving the distribution of the estimated coefficients of unemployment and unemployment squared. The total number of regressions estimated is 31 (5 regressions with one control, 10 regressions with combinations of two controls, 10 regressions with combinations of three controls, 5 regressions with combinations of four controls, and 1 regression with all the five controls).
The full set of results is available upon request. Table A6 reports the relevant summary statistics for the estimated coefficient of unemployment and unemployment squared. For the purpose of this exercise, we have used the panel fixed effect regressor, with year dummies and robust standard errors. In short, both the linear and the non-linear term are statistically significant at usual confidence level in all the regressions. This means that the significance of the non-linear term is robust to all possible changes in the combination of the five controls. Therefore, unemployment squared is robustly correlated with mortality and omitting it (i.e. estimating a linear relationship) would bias the estimates of the other coefficients of the model (including the coefficient of the linear term). 
Additional robustness checks
As a further robustness test, we have estimated our model on various sub-samples. Results are summarised in Table A7 (which only reports the estimated coefficients of unemployment; the estimated coefficients of the other controls are available upon request).
-First, we have excluded very large and very small regions. We define size by region's population and exclude from the sample the observations in the first and last quintiles of the distribution of population. Estimates are reported for the linear and quadratic specification, with the baseline and extended set of controls (see notes to the tables) and using both the panel fixed effects and the difference-GMM dynamic panel estimators (rows 1 to 6).
-Second, we have excluded from the sample the four large EU countries: Germany, France, Italy, and the UK. We report estimates for the linear and the quadratic specification, with the baseline set of controls, using the panel fixed effects and the difference-GMM dynamic panel estimators (rows 7 to 9). Estimates obtained from the extended set of controls are qualitatively similar and can be obtained upon request.
-Third, we estimate the model excluding the years associated with the Global Financial Crisis, as that period might have involved some unusually strong psychological reactions to unemployment. Estimates are reported for the linear and quadratic specification, with both the baseline and the extended set of controls, using the panel fixed effect estimator. As we are excluding some years in the middle of the sample period, the dynamic panel estimator cannot be used (rows 10 to 13). .328*** (.117)
-
Notes: the baseline set of regressors includes tertiary education, log of per-capita GDP and percentage of population under 60% of age. The extended set of regressor also includes population density and health expenditure in percent of GDP. Robust standard errors are reported in brackets. The dependent variable is always the number of deaths due all causes per 100,000 population. *, **, and *** denote statistical significant of the estimated coefficient at 10%, 5%, and 1% confidence level respectively.
As can be seen from the table, the coefficient of unemployment is generally insignificant when included in the linear specification, but it becomes significant whenever a quadratic specification is estimated. The only exception is the regression without the large EU countries, where unemployment has a significant coefficient in the linear specification. But even then, the coefficients of the quadratic specification are strongly significant. This suggests that the quadratic terms is indeed a relevant variable to be included in the model.
In addition we have re-estimated our baseline and extended specifications (i) dropping each country at the time and (ii) dropping each year at the time to ensure that estimates are not driven by a particular country/year. Results (available upon request) indicate that unemployment alone is never significant while unemployment and unemployment squared together are always significant.
